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Main ta in ing  and  Opera t ing  “The  Gr id ”

w Tradi t ional  Ut i l i ty  Funct ional  Areas

n Des ign

n Operat ions

n P lann ing

w Effect of  Industry Transformat ion

n Techn ica l  i ssues  remain  unchanged

n Relocation of tradit ional responsibi l i t ies and authority



Zavadil - 2

What  do windplants  “look like”?

w Must  know to  de te rmine  how windplants  affect the
grid

w “Descr ib ing” windplants

n Real  power output vs.  t ime

n React ive power demand or  output vs.  t ime

n Changes in  rea l  power  vs .  t ime

n Changes in  react ive power vs .  t ime

w So what do they “ look l ike”?

Not  so good,  maybe…
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210 MW Windplant in Midwestern U.S.*

*courtesy National Renewable Energy Laboratory
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Energy looks a l itt le better…
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But maybe Power isn ’ t  so bad ei ther…
Output Variations of 250 MW Windplant

Load-Following (minute-by-minute) time frame

10 MW
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Technical  Issues

w Voltage and service quality impacts

w Impacts on real-time operations and
scheduling

w Anci l lary service issues and questions

w Transmission issues  - al locating capacity

w Reliability and security

Voltage and Qual i ty Issues

w Voltage regulation
n Mainta in ing vol tage at a l l  points and at a l l  t imes in

the network with in acceptable window

n Windp lan t react ive  power  and power  fac tor

w Service Quality
n F l i cke r  –  does  chang ing  P  l ead  to  chang ing  V?

n Do turbine starts cause voltage to “dip”?

n Do the turb ines create harmonic d is tor t ion?



Zavadil - 5

Gene ra t i on  Schedu l i ng  and  Ope ra t i ons
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Regulation
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Days

Unit
Commitment

Operator ’s  Di lemma

w Frequency control:  D o  w i n d p l a n t s  m a k e  i t  m o r e  d i f f i c u l t  t o
r e g u l a t e  “ f r e q u e n c y ” ?

w Regulat ion:  C a n  w i n d p l a n t s  a f f e c t  o r  i n c r e a s e  t h e  a r e a  c o n t r o l
e r r o r  ( A C E ) ?

w Load fol lowing:  W h a t  h a p p e n s  i f  w i n d p l a n t  o u t p u t  d e c r e a s e s  i n
t h e  m o r n i n g  w h e n  l o a d  i s  i n c r e a s i n g ?

w Schedul ing:   H o w  c a n  c o m m i t t e d  u n i t s  b e  s c h e d u l e d  f o r  t h e  d a y
i f  w i n d p l a n t  o u t p u t  c a n n o t  b e  p r e d i c t e d ?   W h a t  h a p p e n s  i f  t h e
w i n d  f o r e c a s t  i s  i n a c c u r a t e ?

w Committ ing generating units:  L o o k i n g  o u t  o v e r  t h e  n e x t  f e w  t o
s e v e r a l  d a y s ,  h o w  s h o u l d  o r  c o u l d  w i n d p l a n t  p r o d u c t i o n  b e
f a c t o r e d  i n t o  p l a n n i n g  w h a t  g e n e r a t i o n  u n i t s  n e e d  t o  b e
a v a i l a b l e ?   I s  t h e  e f f e c t i v e  a m o u n t  o f  r e s e r v e s  i n f l u e n c e d ?



Zavadil - 6

Economic Quest ions

w Cost is the primary metric

w Committing generation that is not needed increases cost

w Scheduling generation that is not needed can increase cost

w Allocating extra load-following capabil ity increases cost

w Violation of system performance criteria can increase cost

w How can these costs be minimized? And, who pays for what
is left?

n Forecasting?

n Tariffs?

n Technology?

Anci l lary Services

w Defini t ions

n Vo l tage regu la t ion  and VAR d i spatch

n Regulat ion

n Load fo l lowing

n Frequency-responding sp inn ing reserve

n Supp lementa l  Rese rve

w By-products  o f  convent iona l  power  sys tem operat ions

w To be bought  and so ld  on the market  in  the new
industry paradigm
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Transmiss ion Capac i ty  Issues

w How do I plan/design/reserve/procure transmission (del ivery)
capacity for this:
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200 MW?

100 MW?

w Present compet i t ive market mechanisms not favorable for  wind

w Same issue exists in convent ional  ut i l i ty perspect ive

Reliabi l i ty and Security

w Defini t ions

n Reliabi l i ty – probabil i ty that avai lable generation wil l  be
suff ic ient to meet demand (very high number, e.g. 99.9%)

n Secur i ty – operate the system in a manner such that i t  keeps
going i f  something “breaks”

w Vert ica l  ut i l i t ies and Markets must consider both

w Re levance  to  w ind

n Capacity (vs. energy) quest ions ( longer-term)

n Operat ing restr ict ions and forced curta i lment
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S tatus

w Stil l many questions

w Starting to find a few answers

w Transitory nature of power industry is current
complication

w Experience and Technology wil l  provide
additional answers


